Birds exhibit a range of wintering behaviour from strictly migrant to strictly resident species. In partially migrating ones, some birds overwinter within their breeding region (resident birds) while others, although breeding in the same area, winter far away (migrant birds). Accordingly, choosing a wintering region is a key stage in the annual life cycle of birds, notably for inexperienced first-year individuals. The present study aimed to investigate this issue, and more specifically to study the distribution pattern during winter and factors influencing the wintering behaviour of first-year Pied avocets, Recurvirostra avosetta. Based on a 10-year ringing study carried out on five of the major breeding colonies distributed along the Atlantic coast, we showed the coexistence of different wintering tactics. The resident tactic was predominant (approximately 85% of the 575 birds re-sighted), while the other birds adopted migration. Among resident individuals, two different tactics occurred: 43% of birds overwintered within their natal colony, whereas the others wintered in another site located at relatively close proximity along the French Atlantic coast. Hatching date was a consistent predictor of all wintering tactics. More specifically, the probability of migrating was the highest for early-hatched birds, and for resident ones, the probability of wintering within their natal colony rather than in another French site was the highest for both median-and latehatched individuals. In addition, a colony effect was demonstrated for resident birds.
Introduction
Winter quarter selection is a major event in the annual life cycle of birds. Environmental conditions experienced within wintering grounds (e.g. habitat quality and predation risk) and travel costs (notably energetic expense) to reach distant sites are known to strongly impact individual fitness (i.e. survival and upcoming reproductive success, Marra et al. 1998 , Alerstam et al. 2003 , Norris et al. 2004 , Lok et al. 2011 , Alves et al. 2013 and ultimately, population dynamics (Adriaensen and Dhondt 1990, Norris and Marra 2007) . Partial migration is a behavioural dimorphism commonly displayed by bird species (Lack 1943 , Newton 2008 , Dingle 2014 . It implies that some individuals overwinter in their breeding region (called resident or sedentary birds) while others leave it to reach geographically disjunct and distant quarters during the winter (migrant birds).
Several hypotheses have been explored to explain this pattern, suggesting a continuum in the control of the migratory tendency from obligate to facultative partial migration among bird species (Lundberg 1988 , Newton 2008 , Chapman et al. 2011 for a recent review, Hegemann et al. 2015) . In the case of obligate partial migration, individual differences in wintering behaviour are supported by genetic determinism and result in two different phenotypes (i.e. resident and migratory strategies) which are fixed over the lifetime of individuals (Biebach 1983 , Lundberg 1987 , Lundberg 1988 , Berthold 2001 . Alternatively, facultative partial migration is considered as a conditional strategy providing two ecophenotypes (i.e. resident and migratory tactics) which can alternate during the lifetime of individuals (Ketterson and Nolan 1983 , Lundberg 1987 , Lundberg 1988 , Chapman et al. 2011 , Alcock 2013 ). More precisely, any selected tactic is expected to mainly result from the combined influences of environmental conditions (e.g. density-dependence, climatic conditions, Newton 2008, 
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.' Vélez-Espino et al. 2013 ) and individual differences in some traits for example body size/condition and dominance status (Ketterson and Nolan 1976 , Gauthreaux 1982 , Lundberg 1985 , Pérez-Tris and Telleria 2002 , Hegemann et al. 2015 .
Overall, factors driving facultative partial migration are thought to vary according to species ecology (e.g. social system) and to the status of individuals (e.g. age/experience). For inexperienced birds, leaving breeding grounds or not when winter approaches, represents one of their first crucial decisions (Sans-Aguilar et al. 2012) , and hatching date and body condition at fledging are two of the main determinants of the wintering behaviour. In the Blue tit, Cyanistes caeruleus, Smith and Nilsson (1987) showed that late-hatched males were more inclined to migrate than early-hatched ones.
However, Adriaensen (1986) observed the opposite pattern in the European robin, Erithacus rubecula. Since many passerine species display a strong territorial behaviour throughout the annual cycle (e.g. Schwabl 1992 , Stutchbury 1994 , Cuadrado 1995 , competition for food resources was assumed to be involved in both species (Schwabl and Silverin 1990) . The basis of the difference reported here on the hatching date effect between these two species is probably linked to variations in their respective ecology and in the strength of agonistic interactions between individuals and age classes (Schwabl and Silverin 1990) . Colwell et al. (2007) found that the probability of migration during the first winter in the Snowy plover, Charadrius alexandrines nivosus, a gregarious species, was higher for early-hatched birds. The authors suggested that this tendency was related to social determinants. In addition, Barbraud et al. (2003) highlighted that young Greater flamingos, Phoenicopterus ruber, in good condition at fledging had a higher probability of leaving their natal region during their first winter and travelled over long distances to reach a wintering area.
.'
The Pied avocet, Recurvirostra avosetta, is a gregarious shorebird species (Recurvirostridae, Cramp and Simmons 1983) , with a relatively wide range (from western Eurasia to Africa, Hötker and Dodman 2009) . Birds of the western European breeding population mainly winter in a few typical coastal grounds (mostly inter-tidal mudflats and lagoons) distributed along the Atlantic coast of western Europe and also the western coast of north Africa (Hötker and Dodman 2009) . However, different migratory tendencies occur among its constituent subpopulations. There is evidence of partial migration in the British subpopulation, although neither a quantitative assessment of the proportion of resident and migrant birds nor the associated factors determining wintering behaviour were provided (West 2005) . Conversely, Danish and German subpopulations are strictly migrant (Salvig 1995 , Hötker 1998 , 2002 .
Furthermore, first-year individuals originating from the Wadden Sea were found wintering in different regions according to the severity of winter (Hötker 1998) . The latter result clearly suggests that environmental conditions could affect wintering ground selection and probably, more generally, the choice of the migratory behaviour in this species.
Concerning the French Atlantic subpopulation, first-year Pied avocets are assumed to be partial migrants (Hötker and Dodman 2009) but this has previously never been documented. Here, we specifically addressed this issue using data from a 10-year ringing program carried out in five of the major French Atlantic breeding colonies. Our data provide a unique opportunity to examine wintering destinations on both large and fine spatial scales and to test for a facultative partial migration pattern. Our main objectives were thus twofold: (i) to analyse the distribution pattern of birds during their first winter -this notably consisted of quantifying the proportion of individuals adopting each wintering tactic and also testing for the occurrence of a spatial structure
.' between the French natal colonies and the wintering grounds, and (ii) to explore the influence of factors that might account for the choice of a wintering tactic, including context-dependent and intrinsic variables. 
Methods

Study sites and fieldwork
Breeding colonies
Capture and ringing
Every year (except in 2007 and 2012, respectively for Bourgneuf and Morbihan), chicks were captured by hand at an estimated age of 20 to 30 days (i.e. just before fledging) between April and August. Once captured, each bird was ringed with a unique colour combination fixed onto the two tibiotarsi, plus a metal ring from the French Ringing Scheme (C.R.B.P.O.) on one of the tarsometatarsi. Chicks were then weighed, using a spring balance (in g, ± 0.1 g). Both the bill length (from the tip of the upper mandible to the base of the first feathers of the skull) and the tarsus length (from the notch of the intertarsal joint to the base of the 90° bent foot) were measured, using a Vernier calliper (in mm, ± 0.1 mm). The wing length (from the bend of the wing to the tip of the longest primary feather) was also taken, using a metallic stop ruler (in mm, ± 0.5 mm). Given
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.' the lack of sexual dimorphism, the gender of chicks could not be determined. Finally, spatial coordinates of the capture location of all ringed birds were recorded. For Morbihan, Mesquer and Guérande, ringed chicks represented more than 50% of the fledglings over the study period (we have no such estimates for the other two colonies).
Winter re-sightings
Thanks to a large network of professional and amateur ornithologists, French-ringed Pied avocets have been observed across the wintering range of the western European breeding population (Hötker and Dodman 2009) . During winter, birds are mainly observed foraging in flocks on intertidal mudflats, coastal lagoons, salt pans and, to a lesser extent, in fishponds and shallow lakes, depending on the locations (Hötker and Dodman 2009) . Concerning the French Atlantic coast, birds were observed in relatively few sites that are regularly used by the Pied avocet during winter. Nine of these sites usually support more than 90% of birds wintering in France (Mahéo et al. 2007 ).
Among them are notably the five wetlands also used as breeding grounds (Morbihan, Mesquer, Guérande, Bourgneuf and Ré). Birds were also observed in northwest Europe, across the Iberian Peninsula and along the west coast of northern Africa. Since most of the French wintering sites are included in protected areas, birds were routinely observed by both the local staff of managers and our research team. Consequently, the re-sighting effort during winter was considered to be relatively more intensive in France when compared to the other regions, and was comparable between years. Also, fieldwork was very regular outside France, notably in the Iberian Peninsula where the major wintering sites were visited for a period of several weeks every year. In Africa, the observation effort was much less intensive and less regular from year to year.
Data selection
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. ' We restricted investigations to the re-sightings collected during the first winter of ringed estimated that our sample size represented approximately 45% of ringed birds likely to be alive in their first winter. In cases of multiple re-sightings (55% of birds were observed from two to a maximum of 21 times during winter), one location was randomly selected to assign spatial coordinates to each individual for spatial analyses.
Each migrant bird was observed in a unique wintering region (i.e. there was no movement between northwest Europe and the Iberian Peninsula regions during a given winter). A small fraction of resident birds (5.3%) was observed in two different wintering sites. In this case, we selected the location whose re-sighting date was the closest to 15 th January (the middle date of the wintering period). In the statistical analyses, no distinction was made between years (i.e. all years were pooled): it could have been appropriate to explore a year effect if for example, severe winter conditions had occurred during the study period, but that was not the case.
Statistical analyses
Distribution pattern of wintering birds
We firstly carried out a set of comparisons, using Binomial tests of equality: the proportions of migrant and resident birds (strictly and locally resident individuals pooled), the proportions of migrant birds according to their wintering region (northwest Europe or the Iberian Peninsula), and the proportions of strictly and locally resident birds.
Then, we explored whether a spatial structure occurred for different groups of birds, by looking for a preferential winter distribution with respect to their natal origin. 
Correlates to wintering tactics
We investigated the influence of several variables on the probability of a bird ( Because of a few missing values for the hatching date variable, the ʽMigrant modelʼ and ʽStrictly resident modelʼ were respectively performed on a total of 557 and 475 birds. For each GLM, the effect of natal colony and hatching date, and their interaction were tested. Tests of Type II were carried out and non-significant terms were removed from each model. Based on the least squares means (LSMeans) we performed pair-wise post-hoc Tukey comparisons of significant variables in both models. The
LSMeans were used to provide adjusted probabilities by taking the effect of each significant variable into account.
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All statistical analyses were carried out using R version 3.3.1 (R Core Team 2016) and the ʽade4ʼ, ʽcarʼ, ʽlsmeansʼ, ʽmixtoolsʼ, ʽRVAideMemoireʼ and ʽspʼ libraries.
The significant level was fixed at α = 0.05.
Results
Distribution pattern of wintering birds
From a total of 575 Pied avocets re-sighted during their first winter, most of them were resident (85.6%) while the others (14.4%) were migrant (Binomial test of equality, p < 0.001). Migrant individuals wintered predominantly across the Iberian Peninsula Resident birds were recorded in 11 distinct French sites (Fig. 2) . At first sight, there was evidence for a preferential distribution of birds in the vicinity of their natal colony during winter (Fig. 2) . In other words, most birds originating from a given colony were recorded during winter either in the same place or within nearby sites. The lowest median distance was found for birds originating from Mesquer (15 ± 6.53 km).
Correlates to wintering tactics
For first-year Pied avocets, the probability of migrating rather than being resident (ʽMigrant modelʼ) was not influenced by the colony of origin, but it was significantly associated with hatching date. More specifically, the probability of migrating was higher for early-hatched birds (probability ± SE = 0.23 ± 0.03) than for median-and late-hatched birds (0.12 ± 0.02 and 0.08 ± 0.02, respectively, Table 1 and Fig. 3 ).
Among first-year birds wintering in France, the probability of being strictly resident rather than locally resident (ʽStrictly resident modelʼ, Table 1 and Fig. 4A ) was significantly lower for birds originating from Mesquer and Ré (0.22 ± 0.03 and 0.30 ± 0.06, respectively) than for birds originating from the other three colonies for which estimates were similar (ranging from 0.57 ± 0.04 to 0.62 ± 0.06). Furthermore, earlyhatched birds exhibited a significantly lower probability (0.32 ± 0.04) than median-and late-hatched individuals (0.45 ± 0.04 and 0.59 ± 0.05, respectively) of being strictly resident rather than locally resident (Table 1 and Fig. 4B ).
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As already mentioned, body condition index was significantly influenced by natal colony (permutation test: n = 556, F = 26.69, DF = 4, p = 0.001): body condition index of birds hatched in Ré (mean ± SE = -16.93 ± 2.04) was significantly lower than for birds hatched among the four other colonies for which condition was statistically similar (mean values ranging from 0.20 ± 1.88 to 5.50 ± 1.32). Furthermore, analyses
showed that body condition index varied significantly according to the hatching date of birds (permutation test: n = 555, F = 22.92, DF = 2, p = 0.001). The three two-by-two post-hoc tests were significant: body condition index was the highest for early-hatched birds (mean = 6.46 ± 1.24), the lowest for median-hatched individuals (mean = -5.11 ± 1.12), and intermediate for late-hatched ones (mean = 1.34 ± 1.77).
Discussion
The present study clearly demonstrates that first-year Pied avocets originating from the French Atlantic subpopulation display a partial migration pattern. More precisely, we showed that most of the birds were either strictly or locally resident, while only approximately 14% were migrant, mainly joining wintering grounds in the Iberian Peninsula or, to a lesser extent, in northwest Europe. To our knowledge, this is the first time that quantitative data has been provided on partial migration in a Pied avocet subpopulation of western Europe. Conversely, German and Danish Pied avocets were found to be strictly migrant (Salvig 1995 , Hötker 1998 , 2002 . A possible explanation for this variation in the migratory tendency between Pied avocet subpopulations might arise from differences in weather conditions during winter. Indeed, severe winter conditions are known to trigger a decrease in habitat suitability (notably a decrease in food resources) and would promote migration in birds (Lundberg 1988 , Newton 2008 ).
Overall, weather conditions experienced in France during winter are less severe than in regions located at higher latitudes as in Germany and Denmark. In addition, since
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relatively clement winters were noted during the study period, this could explain why most of the French first-year Pied avocets stayed in France.
A second major result was that early-hatched Pied avocets had a higher probability of migrating (migrant tactic) compared to other birds even if only a small proportion of them migrated. A biological interpretation could be that early-hatched birds are in better condition (i.e. they have more fat reserves, see Merilä and Svensson 1997) at the time of migration departure and thus are able to bear the cost of travelling long distances to reach wintering quarters. Two main reasons, potentially acting in synergy, can explain this fact. Firstly, we showed that early-hatched birds were in better condition at fledging, a result which could be explained by the higher availability of high-quality rearing grounds (notably regarding food resources, Adret 1983) for early broods. If the inter-individual differences in body condition are maintained from fledging until migration departure, as demonstrated in another avian species (Merilä and Svensson 1997) , it could explain the relationship found between hatching date and migration propensity. This is consistent with the role of body and local environmental conditions on post-fledging movements suggested in the Greater flamingo (Barbraud et al. 2003) . Secondly, early-hatched birds had more time to build up reserves compared to later-hatched individuals, making the former more inclined to undertake a costly migratory journey (Pierce 1989) . Colwell et al. (2007) suggested that early-hatched Snowy plovers, another gregarious shorebird species, developed a migrant behaviour by wandering to join conspecific postnuptial flocks outside their own colony in which most birds were still raising their chicks or attempting to breed. In contrast, later-hatched birds would be directly incorporated at fledging into wintering flocks within their natal colony, promoting their resident behaviour (Colwell et al. 2007 ). Pied avocets also display post-nuptial flocks (Cramp and Simmons 1983, personal obs.) . However, given
the distribution (i.e. close proximity) of sites used by early post-nuptial flocks in the neighbourhood of the five colonies studied, it is unlikely that the wandering of earlyhatched birds to join groups would promote migration as suggested in the hypothesis put forward by Colwell et al. (2007) .
Complementarily, we distinguished two wintering tactics among resident individuals: strictly resident birds (43%) wintering within their natal colony, and locally resident birds (57%) wintering in other French sites. For locally resident birds, we found that the distance travelled between capture and wintering locations fluctuated according to the natal colony. These variations are probably due to the heterogeneous distribution of suitable wintering sites in the vicinity of the natal colonies. For instance, these distances are greater for birds hatched in Bourgneuf and Ré which are the most isolated grounds from other suitable wintering sites (see Figure 2 ). While we did not provide evidence of any preferential wintering destination for migrant birds according to their natal colony, we found that locally resident birds wintered preferentially in a few sites located in very close vicinity to their natal colony. Additionally, we showed that the probability of resident birds wintering within their colony of origin varied according to the natal colony: it was lower for birds from Mesquer and Ré (about 25% vs 60% for the three other colonies). Differences in carrying capacity between these five wintering sites might explain this result, due to a density-dependent process known to influence facultative partial migration (Vélez-Espino et al. 2013 ). Mesquer and Ré support a lower proportion of the almost 20 000 Pied avocets wintering annually in France when compared to the three other sites (2-3% vs 6-14%, Wetland International databases).
That might mean that Mesquer and Ré are less suitable habitats at that time when competition for food resources is likely to be exacerbated, and maybe also during the breeding period. Indeed, birds originating from Ré had a lower body condition.
Furthermore, we showed that early-hatched birds had a lower probability of being strictly resident as compared to median and late-hatched ones. As already discussed, body condition is correlated with hatching dates and might thus affect the choice between the two resident tactics. Nevertheless, its influence on wintering decisions is probably less important for resident birds than for migrant ones (i.e. very short vs long distances to reach wintering sites). Moreover, resident birds hatched in Ré displayed a low body condition and a low probability of being strictly resident. Therefore, we suggest that the effect of hatching date might be related to the specific social behaviour already mentioned (Colwell et al. 2007) . By wandering in the vicinity of their natal colony searching to join post-nuptial flocks, early-hatched Pied avocets would have more opportunities to reach high-quality sites to overwinter, whereas later-hatched individuals would stay with conspecifics within their natal colony, increasing their probability of becoming strictly resident.
Conclusion
We demonstrated that first-year French Pied avocets display a partial migration pattern in contrast with what has been found among some of the other western European subpopulations for both inexperienced birds (Hötker 1998) and adults (Salvig 1995 , Hötker 1998 , 2002 . More precisely, we showed that most of the birds were resident, overwintering either in their natal colony or in a relatively close wintering site. In addition, we showed the influence of two context-dependent variables, hatching date being a consistent predictor of all wintering tactics. For this latter, underlying associated factors explaining wintering behaviours might differ according to tactics. For instance, the effect of body condition of birds on the decision to migrate is strongly suspected, and social behaviours would be predominant for the choice
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between the two resident tactics. Based on our findings, we can hypothesize that inexperienced first-year French Pied avocets display a facultative partial migration. Nevertheless, additional relevant factors necessary to clarify the control of the wintering behaviour effectively may be missing (e.g. genetic factors, sex, immune function and personality: Biebach 1983 , Chapman et al. 2011 , Hegemann et al. 2015 , Nilsson et al. 2016 ). An exploration of the fitness consequences in terms of survival and reproductive success would be very helpful to evaluate the differences between the wintering tactics. In the case of facultative partial migration, the fitness of the different wintering categories would not necessarily be equal and may notably vary according to environmental conditions (Lundberg 1988 , Gillis et al. 2008 . Therefore, the study of the degree of individual lifetime fidelity (or flexibility) to wintering tactics would also be a perspective of major interest. Additionally, further investigation is needed to determine whether resident tactics promote breeding philopatry. All these issues would contribute to our understanding of the demographic mechanisms involved in the growth of the French breeding subpopulation since its settlement during the middle of the 20 th century West 2005, BirdLife International 2015) . 
